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Hospital-free days (HFDs) is increasingly
selected as the primary or secondary
outcome in clinical trials among critically
and seriously ill patients. This outcome
measure, alternatively known as days alive
and outside the hospital (DAOH), was first
used as a primary outcome in the 2005
ESCAPE (Evaluation Study of Congestive
Heart Failure and Pulmonary Artery
Catheterization Effectiveness) Trial assessing
the effectiveness of pulmonary artery
catheterization in the management of
congestive heart failure (1). Since then,
DAOH or HFDs have been used as a
primary outcome in several studies across a
broad range of medical (2–7) and surgical
conditions (8). HFDs offers many advantages
to traditional endpoints used in clinical trials
but also presents potential challenges. In this
perspective, we highlight important
considerations relevant to HFDs using real-
world examples from recent and upcoming
clinical trials. In doing so, we identify
opportunities for future scholarship to
advance HFDs as a patient-centered clinical
outcome measure.

Definition and Nomenclature

We define HFDs as all days alive that are
spent outside of an acute-care hospital,

long-term acute-care hospital (LTACH),
or in an emergency department (ED),
including days spent wholly or in part
under “observation” status. All other days,
including days spent in a long- or short-
stay nursing facility, inpatient hospice
facility, or rehabilitation facility count as
hospital-free, as would all days at home,
including those with home-based medical
services (Table 1). This definition aligns
with how others have operationalized
DAOH (1–4). However, we advocate
specifically for the term HFDs based on
discussions with seriously ill patients and
caregivers who joined a Patient and
Family Advisory Committee guiding a
recently proposed pragmatic randomized
trial using HFDs as the primary outcome.
These stakeholders preferred the term
HFDs over DAOH for two reasons. First,
patients and caregivers noted that the
phrase “hospital-free” emphasizes the
value they place on avoiding
hospitalization and emergency room
visits. Second, the phrase “days alive” was
viewed as overemphasizing survival as the
primary goal, which stakeholders
identified as a common characteristic of
traditional measures that (intentionally or
not) fail to recognize that patients and
families value multiple health outcomes as
equal to or worse than death (5–7).

Why Consider HFDs?

Interest in improving outcomemeasures
for trials of patients with critical and
serious illness is driven by the paucity of
patient-centered outcomes that can be reliably
measured in trials among patients at high risk
of death. Mortality endpoints require large
sample sizes (8, 9) and wrongly assume that
death is the worst possible outcome for all
critically and seriously ill patients (5–7).
Longitudinal measures, such as quality of life
or length of stay, are often informatively
missing because of death and selective loss to
follow-up, thereby introducing a high
potential for biased results (10–13).
Traditional “duration” endpoints (e.g., length
of stay or duration of mechanical ventilation)
can bemisleading because an intervention
that reduces mortality may paradoxically
lengthen the average lengths of stay or
duration of mechanical ventilation.
Composite endpoints, including organ-
failure–free days, suffer from similarly
weighting dissimilar outcomes (14, 15), have
not been shown to be patient-centered, and
tend to be most applicable to narrowly
defined populations. Finally, despite the
prioritization of “goal-concordant care” as a
top outcomemetric in serious illness research
(16), including designation as one of five
recommended practices by the 2021 Critical
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Care ChoosingWisely group (17), methods to
reliably and efficiently measure this construct
remain elusive (18, 19).

By contrast, HFDs is both highly
patient centered and relatively pragmatic to
measure (Figure 1). HFDs are patient
centered because nearly all patients prefer
longer lives to shorter ones and to have
more of those days spent outside a hospital
than within (6, 20, 21). Although short-term
hospitalizations may be preferable to the
experience of inadequately managed

symptoms at home, HFDs will consistently
be preferred when measured over a
sufficient time horizon. HFDs can be
reliably measured using pragmatic data sets
such as payers’ claims data, states’ hospital
utilization data, or health systems’ electronic
health record (EHR) data—data that are
typically available at relatively low cost
without substantial missingness (22, 23).

An additional advantage of HFDs over
traditional outcome measures is that it
enables direct comparison of interventions

with either restorative or palliative intents.
Too often, interventions with restorative
intents are evaluated in terms of survival,
whereas interventions with palliative intents
are evaluated in terms of quality of life or
other patient- or caregiver-reported
outcomes. However, neither choice enables
comparisons between interventions that are
primarily restorative or palliative in nature,
which often represents the clinically relevant
decision frame for seriously and critically ill
patients. For example, older patients with
advanced chronic obstructive pulmonary
disease might face reasonable choices
between high-risk lung transplantation or
home-based palliative care. To inform this
choice, a trial could compare HFDs between
patients receiving each treatment. HFDs
would capture a potential transplant-
associated mortality benefit alongside a
possibly lengthy postoperative hospital stay
and perhaps subsequent readmissions for
side effects, pain management, or debility. In
summary, because HFDs can be increased
by interventions that improve survival time,
functional recovery, or avoidance of
burdensome interventions, it provides a
uniform metric by which to compare
seemingly divergent interventions.

What Constitutes a
Hospital Day?

We consider observation days, other ED
days, and LTACH days as identical to full
acute-care hospital admission days because
all such days occur in an acute-care hospital
setting and may considerably limit patients’
abilities to experience their optimal quality
of life. We account for LTACH days as
extensions of acute-care hospital stays given
the intensive care LTACHs provide to a
complex patient population. Although
survivors of LTACH stays after prolonged
mechanical ventilation and spinal cord
injury ultimately view this time as valuable
(24, 25), data are not available regarding
valuations by all patients undergoing such
care. Notably missing from these data are
valuations by the one-third of LTACH-
admitted patients who die in the LTACH
(26). Furthermore, in prolonged mechanical
ventilation, LTACH days and ICU days are
often used interchangeably, as hospitals with
higher LTACH discharge rates have shorter
ICU lengths of stay with similar outcomes.
Future work revealing how all patients rate

Table 1. Example Calculations of HFDs for Patients with Different Acute Care Use
Patterns during 6 mo of Follow-up

HFD Value Compatible Case Description(s)

0 1. Patient dies during initial hospitalization
2. Patient remains in acute care hospital or long-term acute care

hospital for 6 mo without dying
1–178 1. Patient discharged 4 d after enrollment and lives 6 mo, during

which she experiences 1 readmission of 7 d plus 2 emergency
room visits of 1 d each (HFDs=169)

2. Patient discharged 4 d after enrollment to a long-term acute
care hospital where she resides for 14 d. She is subsequently
discharged home and experiences 1 readmission from Day
90–95 and dies on Day 100 (HFDs=76)

175–180 1. Patient discharged to acute rehabilitation facility after initial
hospitalization of 5 d or fewer who is subsequently discharged
home and then survives 6 mo without additional hospital
contact

Definition of abbreviation: HFDs=hospital-free days.

PATIENT-
CENTERED

PRAGMATIC

Valued by 
patients and 
family

Goal-concordant care

Quality of life

Symptoms and stressors
Hospital-free days

Long-term mortality

Hospital mortality

Organ failure–free days

Responsive to
individual
patient
preferences

Readily available
Collected for routine clinical care
Easily measured
No need for adjudication

Figure 1. Conceptual model depicting the trade-offs between degree of patient centeredness
and pragmatism of various outcome measures commonly used in or proposed for clinical trials.
Relative rankings reflect a combination of published research on stakeholders’ values, the
authors’ engagement of a patient and family advisory committee, and the authors’ experiences
as clinicians and researchers.
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time spent in LTACHs and other facilities
would enable more nuanced HFD
measurement approaches (27). Such
weightings may be particularly important
for patients with refractory symptoms at the
end of life, such as pain or dyspnea, that
may be best managed in the inpatient, or
even ICU, setting (28).

Related Constructs

It is important to distinguish the construct of
HFDs as presented here from the outcome of

28-day HFDs as reported in prior trials in the
critical care literature. For example, in the
SALT-ED (Saline against Lactated Ringer’s or
Plasma-Lyte in the Emergency Department)
trial (29) comparing different crystalloid
solutions administered in the ED among
patients with sepsis, the primary outcome was
DAOH from the index ED visit through 28
days later. Patients who died during the index
hospitalization and those hospitalized for
more than 28 days were classified as having
zero HFDs. For patients discharged alive
before Day 28, HFDs were censored at the
time of hospital discharge such that HFDs

equaled 28 minus the hospital length of stay.
We do not recommend using this censored
approach because of information loss and
conflation of dissimilar outcomes. For
example, a patient discharged alive on Day
8 who dies on Day 11 and a patient
discharged alive on Day 8 who survives for
the next year without any further admissions
would both incur 20 HFDs using this
approach. Similar to organ-failure-
support–free days, such as ventilator-free
days, this representation of HFDs as a
composite measure of mortality and hospital
length of stay is challenging to interpret, as it

Table 2. Selected Real-World Clinical Studies Demonstrating the Variability in Start of Accrual and Follow-up Duration for HFDs

Trial Study Summary
Start of Accrual of

HFDs
Follow-up
Duration

Notes on Measurement and
Interpretation

IMPACTS (45) Pragmatic RCT comparing
clinical outcomes between
sepsis survivors who
receive usual care versus
care delivered through the
Sepsis Transition and
Recovery Program

Index hospital discharge 30 and 90 d Excluding the index hospital stay
is appropriate to avoid
immutable time bias because
intervention begins close to
discharge

SPRY-Metformin
(47)

Adaptive clinical trial of
perioperative metformin
doses among high-risk
surgical patients

Day of surgery 90 d Follow-up duration will capture
most but not all prolonged
postsurgical stays and
complications and
readmissions related to the
surgery or study interventions

Selepressin for
septic shock
(46)

Blinded, adaptive RCT of
selepressin for adults in
septic shock

Not specified 90 d Accrual of HFDs should begin at
randomization to fully capture
the effects of the intervention

PROSPER (38) Effect of statin prescription at
hospital discharge among
patients admitted with an
ischemic stroke

Index hospital discharge 2 yr Longer follow-up times important
when studying conditions with
known persistent risk of
rehospitalization or
decompensation

Default options
in ADs (39)

RCT comparing impact ADs
with preselected comfort-
focused care or life-
extending care to standard
(blank) ADs among
patients with serious illness

Enrollment 18 mo* Longer follow-up times important
when studying interventions
that begin in and/or persist
into the ambulatory setting

COVID-19
monitoring
trial (60)

Trial evaluating the effect of
an automated remote
monitoring program for
home-dwelling adults
diagnosed with COVID-19

Day of ED discharge 30 d Choice of 30-d facilitates
complete data capture.
However, if intervention saves
lives by recommending earlier
hospital evaluation for
decompensating patients, it
may have no effect on (or
even worsen) HFDs during
this short time horizon

Definition of abbreviations: ADs=advance directives; COVID-19=coronavirus disease; ED=emergency department; HFDs = hospital-free days;
IMPACTS= Improving Morbidity during Post-Acute Care Transitions for Sepsis; PROSPER=Patient-centered Research into Outcomes Stroke
Patients Prefer and Effectiveness Research; RCT= randomized clinical trial; SPRY=Strategies to Promote Resiliency.
*Study established a final date for follow-up, such that patients enrolled earlier were followed longer. Median follow-up was 18 mo, with an
interquartile range of 11–27 mo and total range of 6–35 mo.
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assigns similar weight to outcomes that would
be rated dissimilarly by patients (15). Without
a sufficiently long time horizon and the ability
to capture potentially important outcomes
such as return ED visits and hospital
readmissions, suchmeasures are at best
surrogates for patient-centered outcomes.

The CESAR (Conventional Ventilatory
Support versus Extracorporeal Membrane
Oxygenation for Severe Adult Respiratory
Failure) trial (30) comparing conventional
ventilatory support and extracorporeal
membrane oxygenation used another
endpoint that differs importantly from our
conceptualization of HFDs. In this trial, the
primary outcome was death or severe
disability at 6 months. Despite the virtue of
the longer time horizon than used in SALT-
ED (Saline against Lactated Ringer’s or
Plasma-Lyte in the Emergency Department),
this binary endpoint equates deaths on the
day after randomization or 6 months later,
fails to account for the functional status or
location of care between initial hospital
discharge and the 6-month time point, and
assumes that the authors’ definition of severe
disability would be rated as a state equal to
death at 6 months.

Other related outcomemeasures also
have important differences fromHFDs.
Measures of institution-free days, such as
“home time” (31) or “days at home” (21, 32),
assign zero value to time spent in an any
institutional setting such as a rehabilitation
facility, nursing home, or inpatient hospice.
The Centers for Medicare andMedicaid are
currently exploring a “healthy days at home”
measure that additionally discounts days
spent receiving home health or home hospice
services (23, 33). However, several arguments
suggest that such days should be counted as

equivalent to days at home. First, for many
underresourced populations, the homemay
not be sufficiently comfortable or equipped to
be preferred over such facilities. Thus,
measures that discount days spent in
nonhome facilities might propagate or create
disparities by disincentivizing care for persons
with fewer opportunities for home-based
care. Second, reliably measuring days spent in
these facilities requires access to data that may
significantly reduce the pragmatism of the
measure andmay introduce bias owing to
differential missingness. Finally, andmost
importantly, days spent in rehabilitation and
short-stay nursing facilities may be valued
positively because they tend to hasten
recovery, prevent rehospitalization, and
extend survival (34–36). As different
measures of HFDs and home time gain
popularity, determining the patient-reported
value of each type of healthcare day and
evaluating their equity when used across
heterogeneous demographics will be essential.
When data are available, investigators should
consider conducting sensitivity analyses to
assess institution-free days (also termed
“home time”) alongside HFDs tomore fully
appreciate the impact of interventions on
post–acute care and well-being.

Data Collection and
Measurement

An important virtue of HFDs is its facility of
use in pragmatic randomized trials, in which
outcome assessment using existing data
sources is a substantive feature (37). Indeed,
HFDs will often be calculated from
algorithmic evaluation of administrative and
EHR data. For example, in the PROSPER

(Patient-centered Research into Outcomes
Stroke patients Prefer and Effectiveness
Research) study of statin prescription at
hospital discharge amongmore than 75,000
patients admitted with an ischemic stroke
(38), the primary outcome, termed DAOH in
this study, was collected by linking registry
data withMedicare claims data, including
Medicare skilled nursing facility files given the
investigators’ choice to consider days in such
facilities as equivalent to hospital days. In
another example, a randomized trial of default
options in advance directives among 515
patients with serious illnesses (39), HFDs were
calculated using a combination of EHR data,
the Social Security Death Index, and state
databases that capture all hospital admissions.

Comparisons of HFDs can also be
obtained through secondary analyses of the
adverse event data already collected for many
clinical trials. This approach was
demonstrated in a reanalysis of data from
TRILOGY-ACS (Targeted Platelet Inhibition
to Clarify the Optimal Strategy to Medically
Manage Acute Coronary Syndromes), a
randomized, multinational clinical trial
comparing antiplatelet agents among over
9,000 patients with non-ST elevation
myocardial infarction (4). This study
demonstrated the feasibility of assessing HFDs
using site-submitted adverse event reporting
data with a median follow-up of 17 months.

Medicare claims data can be especially
helpful for identifying hospital days across
institutions and capturing time spent in an
LTACH (26, 40). Unfortunately, even in
some integrated health systems, LTACH data
are often not easily obtained through EHR
data alone. Thus, although there are strong
conceptual reasons to exclude LTACH days
from counts of HFDs, accounting for these
days may decrease pragmatism depending on
the available data and population being
studied. Thus, improved methods are needed
to reliably assess LTACH admissions and
lengths of stay from non-Medicare data
sources, particularly for patients experiencing
chronic critical illness (41).

Are All HFDs Equal?

Although our definition of HFDs is more
patient centered than many traditional
outcomes, it does not account for the
functional, quality-of-life, and social effects
prioritized by many patients and their
families (5, 6, 42, 43). Thus, novel methods to
integrate quality weighting of days into HFDs

Hospital-Free Days (n = 9,761)
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Figure 2. Hospital-free days through 6 months among 9,761 patients admitted to five hospitals
in 2019 with >30% risk of death within 6 months. Patients were identified using a validated
electronic health record mortality prediction model based on age, sex, admission type,
Elixhauser comorbidities, and laboratory values from the first 2 days of hospitalization.
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assessments could improve the patient
centeredness of this outcome measure.
Integrating quality weights of days may also
facilitate comparisons of interventions with
palliative versus restorative intents by more
accurately defining “good” days, which may
include inpatient stays that enable relief of
acute symptoms, foster additional
rehabilitation, or serve genuine interests of
patients in feeling that all possible restorative
approaches had been attempted (44). Still,
research is needed to demonstrate the extents
to which such virtues manifest with quality
weighting as well as whether pragmatic
approaches to obtaining quality weights, such
as through mobile applications, can
sufficiently preserve the measure’s utility in
low-cost pragmatic trials.

When to Start and Stop
Counting HFDs?

The time when HFDs begin to accrue and
the appropriate duration of follow-up will
vary based on the research question, the
timing of the intervention (or exposure) of
interest, and the expected effects of the
intervention. Careful attention is needed
when defining the start and stop times to
mitigate bias and enable the observation of
important treatment effects.

In general, outcome ascertainment
should not begin before patients have had the
opportunity to receive the trial intervention.
For most trials enrolling hospitalized patients,
HFDs have included the index
hospitalization. However, depending on the
population or intervention being studied,
there may be justification for excluding all or
part of the index hospitalization from
outcome ascertainment. For example, studies
of an intervention designed to occur near
hospital discharge might exclude days earlier
in the hospitalization to avoid immutable
time bias (11).

The duration of follow-up used to
measure HFDs is another important
consideration. To date, studies have
evaluated HFDs through 30 days and for up
to 2 years, depending on the population
under study and the expected impact of the
intervention. HFDs through 30 and 90 days
have been used frequently in trials of
critically ill (45, 46) and surgical
populations (47), with HFDs to Day 90
recently identified as a key, though not yet
adequately validated, endpoint for phase II
trials in critically ill patients by the

Australian and New Zealand Intensive Care
Society Clinical Trials Group (48).

Significantly longer durations of
follow-up were used in the
aforementioned PROSPER trial, which
assessed DAOH at 2 years after index
hospital discharge (38), and in the trial of
default options in advance directives,
which compared HFDs during a median
follow-up of 18 months (39). This latter
trial established a final date for follow-up,
such that patients enrolled earlier were
followed longer. This approach is
statistically efficient as long as patients are
randomly assigned to treatment arms in
equal proportions across the enrollment
period, as may be achieved through
blocked randomization. Selected real-
world trials with various durations of
follow-up and underlying rationale are
presented in Table 2.

Longer follow-up times may also be
appropriate for mechanically ventilated
patients with acute respiratory distress
syndrome and other forms of respiratory
failure, in whom somewhat lengthy initial
hospitalizations may be required for long-
term recovery. Longer follow-up would
enable patient-centered benefits of
interventions for these disorders to be
realized while also distinguishing between
patients who regain enough function to be
discharged and those who remain alive but
in states of chronic critical illness. It is
particularly important to capture sufficient
follow-up time such that most subjects
have either died or been discharged to
avoid recreating the problem of rating the
disparate outcomes of death within the
hospital and prolonged hospitalization
equally. Longer durations of follow-up also
have the added benefit of allowing
sufficient time to capture repeat ED visits
and hospitalizations, thereby minimizing
the risk of observing small differences in
HFDs owing only to changes in the index
hospital length of stay, including those
introduced by time spent awaiting
post–acute care facility placement (11).

Given these considerations, and
evidence that shorter endpoints might not
predict longer ones (49), we agree with the
Australian and New Zealand Intensive
Care Society Clinical Trials Group
recommendation to follow HFDs through
at least Day 90 (48), particularly for trials
of patients experiencing critical illness and
acute lung injury. However, we also
advocate for longer time horizons

whenever feasible, pending future work
into how different durations of follow-up
affect the patient centeredness and
statistical power of HFDs. In the
meantime, there may be benefits to
reporting HFDs at multiple, prespecified
time points, chosen based on the
interventions’ hypothesized effects.

Statistical and Analytic
Considerations

The statistical distributions of HFDs
among seriously and critically ill patients
present a final challenge that must be
addressed for HFDs to be used broadly in
clinical trials among such patients. In most
populations, the distribution of HFDs will
have a peak near the maximal value,
restricting the count distribution. Several
count-based models (e.g., negative
binomial regression) can account for such
peaks. However, among populations of
patients with a high risk of mortality,
including many critically ill or hospitalized
populations, HFDs may have a second
peak at or near zero, representing
in-hospital deaths or inpatient stays that
exceed the duration of follow-up. For
example, to guide the calculation of
statistical power in a recently proposed
randomized clinical trial, we evaluated
9,761 patients admitted in 2019 to five
hospitals in the University of Pennsylvania
Health System who had a 6-month
mortality risk>30% based on an
internally derived predictive model (50).
As seen in Figure 2, 11.1% of these patients
had 0 HFDs through 6 months.

There are three strategies for handling
such distributions with overrepresentation of
both zero andmaximum values, and the
choice of strategy is best determined by the
clinical context and research question
(51, 52). First, investigators may select a
single model, such as a zero-inflated
b-binomial model, that is applicable to
restricted count data, accounts for the
inflation in the proportion of zeros, and
provides an overall intervention effect on the
entire distribution of responses. Second,
investigators could decompose the HFDs
outcome into two parts—a binary outcome
indicating whether each patient has any
HFDs and a count outcome indicating the
number of HFDs for patients with more than
0 HFDs—and then use an appropriate
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“two-part model.” (53–55) Third,
investigators could again decompose the
HFDs outcome into two parts but fit a
“marginalized two-part model” to estimate
the overall marginal mean intervention
effect. In these latter two approaches (56), the
value of the second part is subtracted from
the maximum number of HFDs to estimate
the number of days spent in the hospital (the
inverse of the remaining HFDs, chosen to
align with standard distributional
assumptions), and an offset term is used to
account for the number of days during
follow-up. In addition to considering the
distribution of HFDs in a particular context,
investigators should ensure that the selected
model’s estimands—the entity being

measured—reflect the trial objectives and
that their interpretation answers a clinically
meaningful question.

These two-part models may be
necessary for trials of interventions with
both highly intensive and palliative intents.
For example, consider a hypothetical trial
comparing extracorporeal membrane
oxygenation for patients with severe acute
respiratory distress syndrome to standard
of care. The intervention might decrease
overall mortality but also increase hospital
length of stay among survivors.
Alternatively, a systems intervention in
which specialist palliative care was
integrated into the treatment of critically ill
patients with advanced malignancies might

increase hospital mortality by enabling
earlier withdrawal of intensive care when
its continuation is incompatible with
patients’ goals. The same intervention
might also increase HFDs among survivors
by increasing uptake of home palliative care
and reducing repeat hospitalizations at the
end of life.

The unique distributional characteristics
of HFDs also have implications for statistical
power. Because HFDs is a continuous
outcome that will often be measured reliably
among all study participants, it should
generally have greater statistical power than a
dichotomous outcome or one with
significant measurement error. However,
particularly large peaks at either 0 or the

Table 3. Barriers to Using HFDs as an Outcome Measure, Conceptual Arguments, and Proposed Solutions

Key Considerations When Using HFDs Conceptual Argument(s)
Proposed Solution(s) or Opportunity

for Future Inquiry

HFDs might miss days spent under
“observation status.”

From the patient’s point of view, days
spent under observation compared to
inpatient status are likely equivalent.

When using claims or EHR data, account
for inpatient days spent under
observation as hospital days.

HFDs consider all days spent in any acute
care setting as equally bad.

Patients may not value time spent in each
of these locations equivalently,
particularly among populations with long
hospitalizations in LTACHs. Some
hospitalization days may also be of very
high value, particularly if necessary for
the relief of symptoms, such as
refractory dyspnea.

Exploration of patient and family
perspectives on how days spent in an
acute care hospital compare to an
ambulatory setting.

Development and validation of methods to
quality-weight days spent in hospital
settings.

Not all HFDs will be spent “at home,” and
some of those days will involve the use
of home health services.

For many underserved populations, the home
may not be sufficiently resourced or
comfortable to be preferred over an
institutional setting. The use of home health
services may be driven by patient
preferences and differential ability to recover
at home based on resources and access.

Empiric work to understand how the use
HFDs, home time, or HDAH might
propagate or create disparities.

Exploration of patient and family
perspectives on the value of days spent
in various post-acute care settings.

All HFDs are considered equally good. Patients may not value all days spent
outside of a hospital equivalently,
particularly if there is variation in their
level of comfort, function, or quality of life.

Development and validation of methods to
quality-weight HFDs.

Optimal duration of follow-up is unknown,
but we recommend at least 90 d and
often longer.

If an intervention decreases mortality
among the sickest patients, it may
paradoxically increase hospital length of
stay and thus HFDs if using shorter
follow-up time.

Consideration of using multiple endpoints,
all prespecified and determined
purposefully based on anticipated impact
of intervention.

Empiric work to determine how different
durations of follow-up affect the patient
centeredness and statistical power of
HFDs.

Distribution of HFDs, with peaks at 0 or
near maximum values, present statistical
modeling and interpretive challenges.

Interventions may have differential impact
on likelihood of survival, index
hospitalization length of stay, and risk of
recurrent hospitalization during follow-up.

Simulation studies to understand how
different modeling strategies might
impact results and statistical power.

Testing of strategies to quality-weight
HFDs to improve statistical power.

Definition of abbreviations: EHR=electronic health record; HDAH=healthy days at home; HFDs=hospital-free days; LTACH= long-term acute-
care hospital.
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maximal value of HFDs could reduce power,
depending on the analytic model chosen, and
simulation methods will generally be needed
to estimate the required sample size before
beginning a trial. An empiric assessment of
different modeling strategies and their
impact on statistical power and effect
estimation could be undertaken using
simulation studies (57, 58) and reanalyses of
trial data to inform choices for future trials
and provide guidance for the broader
research community. Developing and testing
strategies that add a quality weighting to days
spent outside the hospital may also increase
the variance of HFDs, thereby improving the
chances of detecting treatment effects of a
given size without increasing the sample size.

Finally, future research will be needed to
identify the minimal clinically important
difference in HFDs at different time
horizons, thereby informing these power
simulations.

Conclusions

HFDs has been reported in numerous
clinical studies, andmultiple active trials of
critically and seriously ill patients include
HFDs as a primary or secondary outcome.
Despite the advantages in patient
centeredness and pragmatism offered by
HFDs, important considerations remain
about its definition, data collection,

measurement, and analysis that warrant
future investigation. Table 3 provides an
overview of key considerations, with
suggestions for current practice and future
investigation. Of course, no single outcome
measure can fully capture the diverse
priorities of patients, clinicians, researchers,
and policy makers (59). Thus, although
HFDsmay, with future development, prove
to be a highly meritorious primary outcome
in many trials of seriously and critically ill
patients, it will remain important for trialists
to also measure carefully selected secondary
outcomes.�

Author disclosures are available with the
text of this article at www.atsjournals.org.
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